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Introduction
The international community persistently fails to agree on a uniform climate policy succeeding the Kyoto Protocol (KP) . 1 This has already become apparent during the climate conferences in Copenhagen and Cancún in December 2009 and 2010. The last meeting in Durban in December 2011 reiterates the two major impediments: First, emerging economies, such as India and China, are not willing to commit to emission reduction targets in the near future. Second, some industrialized countries (e.g., Canada, Japan, and Russia) are no longer willing to accept restrictions on their greenhouse gas (GHG) emissions. In spite of these obstacles, a renewal of the KP is considered as one of the few solutions with at least modest chances to gain sufficient international support. However, it is not clear whether a continuation of the KP -even if extended to include countries in transition such as China, India or Brazil -is such a good idea. The key question one might ask before considering a particular agreement to be prolonged or extended is whether and to what degree it has been successful.
In this paper, we analyze whether the KP has lived up to its primary goal, the reduction of GHG emissions in the industrialized world. We test for the existence of observable domestic emissions reduction efforts in seven major Annex B countries. The main obstacle to analyzing the effect of the KP on the emissions of Annex B countries is the identification of the correct counterfactual business-as-usual (BAU) emissions to which the actual GHG emissions have to be compared. We construct BAU emission paths by employing a synthetic control approach, as introduced by Abadie and Gardeazabal (2003) and Abadie et al. (2010) . In this approach, the counterfactual for each "treated" country (i.e., Annex B countries that ratified the KP and, thus, are subject to GHG emissions targets) is constructed by a weighted average of "non-treated" countries (i.e., all countries without binding emission targets under the KP) such that the actual country and its synthetic counterpart coincide as much as possible with respect to emissions before the "treatment" (adoption of the KP) and in all relevant characteristics that are unaffected by it. The difference of the emission paths of the actual country and its synthetic counterpart following the treatment reveals the influence the binding emission targets of the KP imposed on the development of domestic GHG emissions.
In our analysis we focus on seven major GHG emitters with binding GHG emission targets under the KP, namely Australia, Canada, France, Great Britain, Germany, Italy 1 and Japan. We only consider changes in domestic GHG emissions for two reasons. First, the KP explicitly obliges countries with binding emission targets to achieve their reduction goals primarily by domestic actions. Second, allowing for emissions trading among treated countries and between treated and non-treated countries via so-called flexibility mechanisms imposes insurmountable obstacles to eliciting the treatment effect of treated countries. While emissions trading among treated countries implies that the stable unit treatment value assumption (SUTVA) would be violated, emissions trading between treated and non-treated countries would blur the distinction between treated and non-treated countries. 2 Among the seven countries under consideration, we only find a significant reduction of GHG emissions compared to BAU emissions for Great Britain. Further, we can rule out treatment effects for Australia, Canada, Italy and Japan. For France and Germany we find a treatment effect but our inference analysis renders these effects insignificant. These results are supported by the assessment of the "demonstrable progress reports", which all Annex B countries with binding emission targets under the KP had to compose in order to communicate their progress in reducing emissions until 2005. Thus, at least for the major polluters, we find little evidence for reduced emissions due to the KP.
Of course, we are not the first to challenge the KP. In fact, since its emergence in 1997 the KP has been heavily criticized. In December 1997 "The Economist" already prognosticated that the USA will never be able to ratify the KP, as it would never be approved by the U.S. Senate. 3 Prins and Rayner (2007) criticize its inflexible topdown architecture, which had been borrowed from past international treaties regulating chlorofluorocarbons, sulphur emissions and nuclear weapons, and "was always the wrong tool for the nature of the job." Also the economics profession found little praise for the KP.
While Barrett (1998) argued from a political economy point of view that the KP hardly deters non-participation and non-compliance, Copeland and Taylor (2005) criticize that its design neglects important lessons from trade theory. Other authors animadvert the level of the emission targets (e.g., Tol 2000) or discuss the challenges of the flexibility mechanisms (Zhang and Wang 2011) .
With respect to the analysis of the KP's capability of reducing domestic GHG emissions our paper is most closely related to Aichele and Felbermayr (2011) . While they focus on the effect of the KP on the carbon footprint, 4 they also find a significant negative average effect of ratification on domestic CO 2 emissions. This result is somewhat at odds with our result that the KP had no significant effect on the CO 2 emissions of all countries under investigation apart from the UK. The opposing results may stem from employing different empirical techniques or defining a different treatment event. With respect to the former, the differences-in-differences approach employed by Aichele and Felbermayr elicits the average treatment effect on the treated (ATT) and their instrumental variable approach captures the average treatment effect for all countries (ATE) in their sample. In contrast, the synthetic control approach applied in this paper quantifies the treatment effect for each treated country individually. We focus on the individual analysis, as emission targets differ substantially among the treated countries (ranging from 72% for Luxembourg to 125% for Spain compared to their 1990 levels). As different targets may induce different effects on CO 2 emissions, treatment effects are most likely heterogenous and do not follow a common trend. With respect to the latter, Aichele and Felbermayr use ratification of the KP as the treatment period. In contrast, we employ the adoption of the KP in November 1997 as the time of treatment. We chose adoption, as at that time emission targets for Annex B countries were already known and, thus, could already have influenced countries GHG emissions.
The paper is organized as follows. In Section 2 we briefly summarize important facts about the design of the KP. We start the empirical analysis in Section 3 by reporting on the used data. We then contrast a classical differences-in-differences approach with the synthetic control method to estimate the effect of a binding emission target under the KP on the development of GHG emissions. The results are discussed in Section 4. Section 5 concludes.
Greenhouse Gas Emission Targets under the Kyoto Protocol
In the Kyoto Protocol (KP), initially adopted on 11 December 1997, 39 industrialized countries (and the European Community), so called Annex B countries, commit to reduce the emissions of four greenhouse gases (GHGs) by 5.2% on average over the period . In addition to signature, countries had to ratify the protocol in order to accede to it. Countries which did not sign the protocol during the signature period were able to join it by ratification at any time later on.
For all countries under investigation we consider the adoption of the KP in December 1997 as the treatment event in our analysis -irrespective of their date of signature or ratification. In fact, as the emission targets were already known in 1997, and with its adoption the KP took the first hurdle to become enacted, we consider 1997 as the earliest time at which the KP could have imposed a treatment effect. 5
One might argue that in order to assess the effectiveness of the KP one would just have to look at countries' levels of compliance. As the commitment period ranges from 2008 to 2012, we yet lack final emissions data to assess the effectiveness of the KP with respect to compliance levels. However, plotting GHG emissions as relative deviation from the emission target over time for the ten largest GHG emitters facing emission targets under the KP, we observe that countries split into three distinct groups (see Figure 1 ): (i) there are countries which are already far below their emission targets (e.g., Russia and Ukraine), (ii) countries that are above their targets but converge towards them (e.g., Germany and Great Britain) and (iii) countries that are above their targets and further diverge from them (e.g., Australia and Canada).
We argue that the deviation from the emission targets is not a reliable indicator for the effectiveness of the KP with respect to emission reductions. The reason is that the business-as-usual (BAU) emissions -the GHG emissions that would have occurred without the adoption of the KP -were uncertain when the emission reduction targets were negotiated in 1997. Of course, these targets have been negotiated with expected BAU emission paths in mind, but expectations do not necessarily have to prove true.
Moreover, expectations about BAU emissions may have been (almost) correct for some countries and at the same time (drastically) wrong for others. As an example, consider the countries within group (i). Countries in this group were predominantly members of the Former Soviet Union (FSU). After the collapse of the FSU, these countries experienced a severe economic downturn in the 1990s accompanied by a drastic decline in greenhouse gas emissions. In spite of later economic recovery, GHG emissions in all these countries are still far below their 1990 levels and they will definitely comply with their Kyoto targets. Thus, neither does the convergence of a country towards its emission target imply that it did a good job in reducing GHG emissions compared to its BAU emissions 
Empirical Analysis
We analyze the effect of being committed to an emission target under the KP for the major GHG emitters. Out of the top ten GHG emitting countries, accounting for approximately 82% of total baseline emissions of countries with binding emission targets under the KP, we dropped the 3 Eastern European countries Poland, Russia and the Ukraine for two reasons. First, at the time of adoption of the KP in 1997, these countries exhibited emission levels far below their emissions target due to the severe economic downturn during the 1990s which followed the breakdown of the Former Soviet Union (FSU). As these countries were not expected to reach emissions levels at or even above their Kyoto targets in the near future -despite their economic recovery -, they had little economic incentives to reduce emissions. Second, reliable data for these countries is only available since the breakdown of the FSU. The remaining seven countries are Australia, Canada, France, Great Britain, Germany, Italy and Japan which are still responsible for approximately 44% of total baseline GHG emissions of the countries with binding emission targets under the KP.
Data
The data used in the present paper stems from two different sources. Data on all environmental, economic and structural variables are taken from the World Development Indicators published by the World Bank. 7 Additional information on the KP stems from the United Nations Framework Convention on Climate Change (UNFCCC). 8 Table 1 show the summary statistics for all data used in the empirical analysis.
6 In March 2001 the USA, despite signing the KP, announced not to ratify. As a consequence, we consider the USA as "non-treated", i.e. a country without a binding GHG emission target under the KP. In fact, the USA is the only Annex B country which did not eventually ratify the KP. 7 Visited online at: http://data.worldbank.org/data-catalog. 8 Visited online at: http://unfccc.int. We face two challenges inherent in the KP and the global scope of the problem. Second, as a response to the binding emission targets, treated countries may decrease the domestic production of "dirty goods" and increase their imports from non-treated countries. This response would affect emissions of both treated and non-treated countries and such a bias can neither be quantified nor excluded from the analysis. 10 As this interference would lead to a clear overestimation of the treatment effect, 11 this problem only applies to the UK, the only country for which we find a significant treatment effect.
Obviously, reducing GHG emissions against BAU emissions is not a one shot decision but an ongoing process over time: incentives for reducing GHG emissions have to be incorporated into national legislation and the energy sector has to adjust to these new circumstances (Olmstead and Stavins 2007) . Thus, one expects that countries willing to put serious effort into reducing GHG emissions gradually diverge from their BAU emission paths. This view is supported by the KP itself, which explicitly states:
• §3(2): Each Party included in Annex B shall, by 2005, have made demonstrable progress in achieving its commitments under this Protocol.
• §6(1,d): The acquisition of emission reduction units shall be supplemental to domestic actions for the purposes of meeting commitments under Article 3.
Thus, compliance with the KP not only involves noticeable efforts until 2005, but also limits the use of flexible mechanisms to fulfill the emission target under the KP.
Another obstacle to the analysis is that data on the emissions of the six greenhouse gases controlled under the KP is only available for Annex B countries. As a consequence, we use CO 2 emissions as a proxy for GHG emissions in our analysis. This is justified by the fact that CO 2 emissions are by far the most important GHG, as they amount for more than 80% of total GHG emissions worldwide (82.8% in 2007, see UNFCCC). Moreover, the correlation between CO 2 and other GHG emissions for all countries for which we 10 The carbon content of traded goods is not subject of our analysis, as it is not regulated under the KP. See Aichele and Felbermayr (2011) for further discussion on this topic. 11 The import of "dirty goods" would reduce domestic GHG emissions for the importing (Annex B) countries while at the same time increase emissions of the exporting (non-Annex B) countries. As a consequence, emissions of non-treated countries would increase due to the KP leading to a higher counterfactual emission path. Thus, the difference between the two (the biased treatment effect) would be larger than the true treatment effect.
have data on the latter is about 0.90. In order to render countries more comparable, we construct what we call proportional targets, which is CO 2 emissions in 1990 multiplied by the emission target of the KP in percent.
Differences-in-Differences, Synthetic Controls and Causal Inference
It is the aim of the present paper to elicit the treatment effect of being committed to a specific emission target under the KP. The classical matching literature calls this the (average) treatment effect on the treated (ATT) (Caliendo and Kopeinig 2008) . The main challenge for estimating such an effect is that the researcher is confronted with a missing data problem (Rubin 1976) . Obviously, one cannot observe the same country at the same time having both a binding emission target and no emission target. In order to overcome this problem one could compare the average CO 2 emissions of countries with targets to those that have none. However, as we have to deal with observational data, the researcher cannot randomly assign treatment, as it would be necessary for this approach to yield valid results. In our case it is most probably true that countries with (I) and without (N ) binding emission targets may differ systematically with respect to their emissions (Y ). One important consequence is that the assignment of emission targets cannot be treated as ignorable (Rubin 1976 (Rubin , 1978 (Rubin , 2005 . More formally this implies
where (0) 1 indicate the outcome in case of (no) treatment (Rubin 1976) . Therefore, one cannot simply regress Y on a dummy for I together with some covariates in order to estimate the treatment effect for country i at time t (Abadie et al. 2010) , i.e.
as the level of Y may itself influence I.
There are several potential strategies to solve this problem (Imbens and Wooldridge 2009 ). In cases as ours, where different groups are either exposed or not exposed to some kind of treatment over a certain time period, the most often applied method is the differences-in-differences (DD) estimation (Bertrand et al. 2004 ). More recently Abadie and Gardeazabal (2003) and Abadie et al. (2010) introduced a synthetic control method that originates from the case study literature. It allows for high levels of flexibility when estimating treatment effects for the above mentioned setup.
In our opinion, the synthetic control approach exhibits two key advantages over the DD In what follows, we first apply traditional DD and Panel estimators to quantify the treatment effect for KP emission targets for all countries in our dataset. However, we shall argue that due to several shortcomings of the available data it is not advisable to interpret these results as the real treatment effects. We then apply the synthetic control method and contrast our findings with respect to the DD and Panel estimates.
Difference-in-Difference and Panel Estimates
The most straightforward approach to analyze a treatment effect if treated and nontreated groups differ and data stretches from some time prior to the treatment (preintervention period) to some time past the treatment (post-intervention period) is to apply differences-in-differences (DD) estimation (Ashenfelter 1978, Ashenfelter and Card 1985) . In its simplest form with two groups and two periods it can be written as:
where Y 10 (Y 00 ) and Y 11 (Y 01 ) denote the outcome of the treated (non-treated or control) group before and after the treatment. Likewise, the DD approach can be expressed as a regression of the type
where i and t denote unit and time, D is a dummy variable equal to one in the posttreatment period and G is a dummy variable equal to one if a unit is exposed to the treatment. Then, the parameter estimate π of the interaction term is the DD estimate of the treatment effect. Table 2 shows DD estimates of the form presented in equation (4) in columns 1-3.
However, this basic DD estimator does neither account for the panel structure of our data nor for any covariates. Controlling for both results in a panel data model of the
which is, in general, estimated via first differences or fixed-effects (within transformation)
estimation. In addition to the model of equation (4), this specification includes unit and time fixed-effects F and T , as well as a vector of covariates X. Again, the estimate for π is the treatment effect (Galiani et al. 2005) . Results for this specification are shown in columns 4-6 of Table 2 . 12 We find a significant and negative effect of KP targets for our basic DD specification in columns 1-3 independent of the subset of investigated countries. The estimates range from around -.15 to -.3. However, including covariates and accounting for the panel structure, as done in columns 4-6, the effects drop both in economic and statistical significance. In fact, we find no evidence for a significant impact of the KP targets on CO 2 emissions on the basis of the results obtained so far. Moreover, the pattern is similar to Aichele and Felbermayr (2011) , as both estimates and significance levels drop markable when Eastern European countries are excluded (see the differences for columns 2 and 3 and columns 5 and 6, respectively).
This model could be further extended to allow for time-varying or group-varying effects, serial correlation, etc. 13 However, we argue that for a cross-country dataset of the present type, where effects are expected to vary drastically across countries and years, and characteristics of countries influencing CO 2 emissions may be heterogenous, traditional regression based approaches may be problematic.
Synthetic Control Method
We account for the particular characteristics of the present dataset and the research question addressed in this paper by employing the synthetic control approach developed by Abadie and Gardeazabal (2003) and Abadie et al. (2010) . In fact, we separately estimate the treatment effect of seven selected Annex B countries for each of which a weighted average of control countries serves as an estimate for the counterfactual outcome without the treatment. We argue that this approach is preferable to more traditional estimation methods because it allows for considerable flexibility and can be tailored for each country under investigation. This is of particular importance in our context, as not only treated and non-treated countries are heterogenous but there are also considerable differences among the treated countries in relevant aspects.
To estimate the counterfactuals for Australia, Canada, France, Great Britain, Germany, Italy and Japan we separate the countries for which sufficient information is available in two distinct sets. The first set -the group of treated countries under investigation -consists of these seven Annex B countries with binding emission targets. The second set -the so called donor pool Gardeazabal 2003, Abadie et al. 2010 ) -consists of all other countries without having binding targets. These are all non-Annex B countries plus the U.S. which did not ratify the KP. We sequentially draw the seven countries from the treated pool and use a synthetic control approach to create the specific counterfactual country via a convex combination of all countries in the donor pool. We follow Abadie and Gardeazabal (2003) and Abadie et al. (2010) in keeping the restriction of no extrapolation. To increase the comparability of countries we transform all data to an index with 1990 as the base year (Cavallo et al. 2010) .
For the general case in which Y N it denote the emissions of country i at time t without treatment (N ), and accordingly, Y I it with treatment (I), the treatment effect would be described by equation (2). Now suppose that there are J + 1 countries where J = 1 denotes the treated country -which, in our case, corresponds to a binding emission target under the KP -and j = 2, . . . , J + 1 are all untreated countries in the donor pool.
For the treated country we have data about the actual emission path (Y I 1t ), but we are ignorant about the counterfactual emissions which would have occurred if this country would not have been subject to the treatment (Y N 1t for t > 1997). Thus, we have to find an estimate for Y N 1t in order to obtain an estimate for the treatment effect α 1t :
Abadie and Gardeazabal (2003) and Abadie et al. (2010) propose to make use of the observed characteristics of the countries in the donor pool. The underlying idea is to find weights W = (ω 2 , ..., ω J+1 ) ′ , with ω j ≥ 0 for j = 1, . . . , J + 1 and J+1 j=2 ω j = 1, such that the weighted average of all countries in the donor pool resembles the treated country with respect to GHG emissions in the pre-intervention period and all other relevant aspects (Z). Formally, we seek W such that: 14
Then J+1 j=2 ω ⋆ j Y jt for t ≥ T 0 is an estimate for the unobserved counterfactual emissions path Y N 1t , and we obtain the following estimate for the treatment effect:
In general, a vector W such that equations (7) hold may not exist (in particular, if the weights w j ≥ 0 and, thus, extrapolation is prohibited). However, one can choose the weights such as to
where X 1 denotes a (k × 1) vector of pre-intervention characteristics of the treated country, which may include the pre-intervention emission path, and X 0 denotes a (k × J) matrix of the same variables for the J countries in the donor pool. The symmetric and 14 In our case 1980 ≤ t ≤ 2004 and the pre-intervention period T0 is 1980 ≤ T0 ≤ 1997.
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positive definite matrix V weights the relative importance of the various characteristics included in X. Obviously, the optimal weights W depend on the weighting matrix V .
We follow Abadie and Gardeazabal (2003) in choosing V such that the difference of the pre-intervention emission path of the treated country and its synthetic counterpart is minimized. For further discussion on the synthetic control method including several extensions, see Abadie et al. (2010) .
As the synthetic control method itself does not provide standard errors to infer statistical significance, Abadie and Gardeazabal (2003) and Abadie et al. (2010) suggest to run placebo or permutation tests. The underlying idea is to predict counterfactual emission paths for countries in the donor pool, i.e., for countries without any treatment. 15 If and only if the gap between the actual emission path and the predicted one is the largest for the country where the treatment really occurred, then one can say that its development is "significantly" different from the business-as-usual scenario Gardeazabal 2003, Abadie et al. 2010) . 16 In addition, in Figures 7-9 in the appendix we report results on the root mean squared prediction error (RMSPE) ratio as in Abadie et al. (2010) , and "p-values", as suggested by Cavallo et al. (2010) .
Results
In Figures 2-4 France shows a very specific development of CO 2 emissions (Figure 3, top left) . We observe a considerable decrease during the 1980s and a fluctuating development thereafter.
In fact, it turned out to be challenging to match the CO 2 emissions of France with those of other countries. In order to keep the RMSPE in a considerable range, we restricted the period over which the RMSPE is minimized to 1988-1997. In doing so, we find a sizeable difference between actual and synthetic emissions (see top left of Figure 3 ). However, also being at the outskirts of the cloud generated by the placebo study, Figure   3 (top right) does not show a significantly different gap for France relative to its donor countries.
Also Germany shows a specific development of CO 2 emissions as a result of the reunification in 1990 and the accompanied collapse of (dirty) industries in the eastern part.
Germany shows an emission path similar to France. There is considerable deviation of the counterfactual predicted path from the observed path in Figure 3 (middle left), but the placebo study in Figure 3 (middle right) renders this result insignificant.
We also find a different development for the synthetic Great Britain and the actual Great Figure 2 (middle right) there is some evidence that the gap between the actual and synthetic Great Britain is exceptional relative to the placebo study (except for one obvious outlier). Thus, we cannot reject the hypothesis that the Kyoto Protocol target did reduce Great Britain's GHG emissions. This result is also supported by the RMSPE ratios and the "p-values" (see Figure 8 in the appendix).
Robustness Checks
In the following, we show that our results are robust to a variety of setup-alterations.
Significant treatment effect for the UK
As the UK is the only country for which there is a significant treatment effect we employed several alternative specifications. First, we re-estimated the counterfactual emission path for the UK excluding the USA from the donor pool. One might argue that the synthetic UK is driven by a very specific emission path of the USA (weight: .449).
However, results remain robust and can be found in Figure 5 (left).
By design, the KP exhibits a clear selection bias between treated (roughly the developed world) and non-treated countries (rest of the world). One might question whether developing countries are useful in constructing synthetic counterfactuals for developed countries. In fact, out of the 20 countries chosen from the donor pool to match the seven countries under consideration, only six countries are considered as lower and lower middle income countries according to the World Bank classification. As another robustness check, however, we re-ran the analysis for the UK restricting the donor pool to countries classified as high and upper middle income countries. The treatment effect remained robust -although it is less significant -and is displayed in Figure 5 (right).
Extended treatment period
As discussed in Section 3.1, the use of flexibility mechanisms such as emissions trading, joint implementation and clean development mechanism blurs the distinction among the different treated countries and also the distinction between treated and non-treated countries. In consequence, we restricted the treatment period from 1998 to 2004. However, the first commitment period under the KP ranges from 2008 to 2012. Thus, it is certainly of interest to have some information on the treatment effect after 2005. As a consequence, we ran the synthetic control method for an extended treatment period 
Discussion
The DD estimates show significant treatment effects for all investigated sample sizes if we do not control for any covariates and the panel structure in our data. Accounting for GDP per capita, percentage of alternative and nuclear energy consumption, GDP per unit of energy use, CO 2 intensity, total population, and including country and year fixed-effects the treatment effect remains negative but becomes insignificant. This result is supported by our synthetic control analysis. In summary, we can rule out significant treatment effects for the six countries Australia, Canada, France, Germany, Italy and Japan, and we find a clear treatment effect for Great Britain. Another advantage over the traditional DD approach is that treatment effects can be estimated for each country individually. This allows to individually tailor the counterfactual synthetic country to the idiosyncracies of each treated country (i.e., the individual emission target). In fact, the table in the appendix shows that we not only used different variables to be matched for the seven countries but also that the countries chosen from the donor pool to construct the counterfactual country differ considerably among the seven countries. In total 20 countries were chosen from the donor pool to match all seven treated countries.
Our results also fit well with the assessment of the "demonstrable progress reports" all 
Conclusion
The Kyoto Protocol (KP) has been widely criticized by the public press and the scientific community alike. In particular, issues concerning equity, efficiency and cost-effectiveness have been raised. In this paper, we asked in how far the KP lived up to its primary goal, the reduction of domestic GHG emissions in the industrialized world. To answer this question, we analyzed the development of CO 2 emissions for seven major GHG emitters with binding emission targets under the KP with a synthetic control approach. With 17 Available online at: http://unfccc.int 18 However, these 14.6% included accountable emission changes due to changes in land use.
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the exception of Great Britain, we find little evidence for a significant treatment effect, i.e., countries with binding emissions targets did not emit less CO 2 over the period from 1998-2004 than they would have if they would not have been subject to emission targets under the KP.
In light of these findings and the additional concerns raised by other authors, we doubt that a continuation of the KP in its present form -even if extended to include countries in transition -is advisable. As a consequence, we see the focus on domestic actions rather as a dead end than a last resort for future climate policy. Instead we follow Prins and Rayner (2007) and Olmstead and Stavins (2007) in their advice to completely rethink the necessities of an international environmental agreement and to implement an according architecture. Of course, as the last climate negotiations proved markedly, this is easier to be said than done.
Appendix
The following tables give additional information on the chosen weights W , the predictor balance, and the root mean squared prediction error (RMSPE) for the synthetic controls of the seven countries under investigation. (1996) .87724149 .83560834 ZMB .252 CO2 ind (1997) .85190731
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. 89189575 GDPC ind .95186213 .97540854 EUEU ind(1980 (1)1985 . 98298825 .93133672 EUEU ind(1992 98298825 .93133672 EUEU ind( (1)1996 .96303115 .94764451 EUEU ind (1997) . 9828915 .97712421 COIN ind(1980 9828915 .97712421 COIN ind( (1)1985 1.0596507 1.1143252 COIN ind (1992(1)1996) .89872442 .87191304 COIN ind (1997) . Note: The left graph displays the histogram of the RMSPE ratio for 21 countries (treated plus placebo). The dashed line indicates the RMPSE ratio for the treated country under investigation (Japan). The RMPSE ratio is computed by dividing the RMSPE after the treatment by the RMSPE prior to the treatment for each country (Abadie et al. 2010) . If and only if the treated country stands out in terms of the size of the ratio (dashed line at the right end of the graph) one can interpret this as evidence for a "significant" treatment effect. For the right graph we follow the approach proposed by Cavallo et al. (2010) and calculate "p-values" for the significance of the treatment effect for each post-intervention year. The exact formula is given by:
and α P L(j) 1,l being the estimated effect of placebo (PL) country j at time l after the treatment. Similarly, α 1,l is the estimated treatment effect of country 1 at time l. 
